In the last few years, the rapid and continuing emergence of antibiotic resistance for microbial pathogens has questioned the future utility of antibiotics. Thus, the discovery of new antimicrobials is highly desired to fight microorganisms with multi-drug resistant capability. Here, we have used an inorganic UV filter as a model system to investigate the behaviour of a new preservative, based on Ag-Zn cations, to replace parabens in sunscreens. The new glass preservative is incorporated to the UV filter composite by using an easy and eco-friendly method based on a dry nanodispersion.
INTRODUCTION
Over past few years, the society has become aware of their activities potential toxicity, both for the environment and for human health. One of these activities is related to pharmaceuticals and personal care products. Many cosmetic formulations contain substances as preservatives or additives which/that have an important environmental impact. Two classes of compounds used in suncare and body care cosmetics have potential oestrogenic and/or genotoxic properties: parabens and organic ultraviolet (UV) filters.
Parabens, p-hydroxybenzoic acid alkyl esters, are antimicrobial agents present in food, drugs, cosmetics, and toiletries. 1 Because of their good stability, non-volatility and low cost, they are used commonly throughout the world and found in more than 13,200 formulations. 2 Recent studies show the presence of parabens, also in combination with phthalates, in the majority of body care cosmetics analysed, including deodorants, creams and lotions. 3, 4 The antimicrobial activity increases with the alkyl group chain length from methyl to n-butyl so that combination of different parabens is the most frequently used preservative system. 5 The European Union permits the use of parabens in cosmetic products with a maximum concentration of each one of 0.4wt% and a total maximum concentration of 0.8wt% (EU Cosmetics Directive 76/768/EEC). 4 Some authors revealed that parabens are rapidly absorbed through intact skin. [6] [7] [8] This effect can be influenced by their lipophilic character and the presence of penetration enhancers found in cosmetic preparations. For these reasons, they may be able to accumulate in fatty components of body tissues, what is called bioaccumulation. 9 Several studies report the ability of parabens to disrupt physiologically important functions, both in vitro and in vivo essays. These disturbances can influence on breast cancers, male reproductive functions and the development of malignant melanomas among others. 4, 10, 11 Therefore, new restrictions respect to parabens uses are impacting to health industries since last few years and the search for an effective substitute preservative is still a challenge.
Thinking about alternative materials that present antimicrobial properties, Ag and ZnO seem the most solid promises. Ag is presented as a strong candidate due to its use to control bacterial growth in a variety of applications. [12] [13] [14] [15] [16] Its principal characteristics are its effectiveness against a broad spectrum of microorganisms, hard skin penetration and low cytotoxicity. Nevertheless, it is necessary to study the behaviour of Ag because some Ag-based compounds gradually precipitate in solutions and physically separate from cosmetic components, compromising its antimicrobial effects. 17 ZnO appears promising because of its high antimicrobial activity, 18, 19 low toxicity, and easy clearance. 20 However, there are few and contradictory specific studies regarding antimicrobial efficacy of ZnO in the context of topical product preservation.
UV filters are present in cosmetic sunscreen products. Their principal activity is to block the sunlight UV radiation in order to protect skin from their harmful effects. In sunscreen formulations the most commonly used organic UV filters are p-aminobenzoic acid (PABA) and its derivatives, avobenzone (AVB), benzophenone compounds (Bp), benzylidene camphor derivatives (BC) and octyl methoxycinnamate (OMC). 21 The European Union regulates the limits of UV filters that may be added to other products (Council Directive 76/768/EEC). The UV filters are at most 10wt% of the formulation: 10wt% for octyl methoxycinnamate (OMC) and benzophenone-3 (Bp-3), 8wt% for octyldimethyl-PABA (OD-PABA) and 4wt% for 4-methylbenzylidene camphor (4-MBC). 1 Organic UV filters are relevant contaminants able to bioaccumulate in the environment due to their highly lipophilic character. Furthermore, studies show that organic UV filters are toxic to algae, crustaceous and corals. 22, 23 Respect to toxicology in humans, they can be exposed to bioaccumulation by dermal absorption or through the food chain. 24 Moreover, recent studies reveal that several organic UV filters affect human health, highlighting oestrogenic and anti-androgenic activities 1, 24, 25 and photoallergic contact dermatitis. 21, 24, 26 Such is the concern about the potential toxicology of organic UV filters that Schlumpf et al. 24 propose necessary to consider the drawbacks of extensive organic UV screen use from both a medical and an ecological perspective. As mentioned for parabens preservatives, new UV blocking compounds are demanded without the potential risks of the actual organic UV filters.
Nowadays, new routes are investigated employing inorganic UV filters. There are two inorganic UV filters: titanium dioxide (TiO2) and zinc oxide (ZnO) particles. These filters are chemically and biologically inert and are unlikely to cause irritation or skin sensitization. 26 One of the properties that make cytotoxic particles is size because they could penetrate or alter the skin. In the case of ZnO, there E. de Lucas-Gil, F. Rubio-Marcos, P. Leret, B. Motos-Pérez, M. Monte-Serrano, J. Menéndez, J.F. Fernández, Opening a New Gate to Glass Preservative with Long-Lasting Antimicrobial Activity as Replacement of Parabens, ACS Sustain. Chem. Eng. 5 (2017) 294-302. doi:10.1021/acssuschemeng.6b01609.
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is no clear evidences about nanoparticles permeation across the skin barrier. 27, 28 As regards TiO2, nanoparticles between 4 and 60 nm could penetrate skin layer. 29 Mostly, inorganic UV filters are less probable to induce toxicity than organic ones. In this sense, the use of nano-free inorganic UV filters is a challenge for sunscreens.
In this work, we provide an inorganic composite with preservative and UV filter functions as an alternative to organic preservatives and UV filters. To compensate these properties, we combine nanofree inorganic elements that present same characteristics such as TiO2 like UV filter and Ag and ZnO as antimicrobial agents. TiO2 is chosen because it does not cause photoallergy unlike organic ones and absorbs wide range of UV wavelength. The employment of antimicrobials Ag and ZnO can reduce the toxicity present on parabens while maintaining the preservative property. The behaviour of the combined action of these inorganic composites as UV filter and preservative material is reported for sunscreen case. This idea leads to develop the main aim of this study: low-cost production of "ecofriendly" material with sunlight UV radiation absorption and preservative properties. To that end, we develop a method for the controlled dispersion of inorganic UV filter on the surface of the new preservative through a cooperative assembly-directed process at room temperature. Thanks to its advantages such as reduction of material amount and production cost, manufacturing and ease of incorporation in different matrices, this inorganic composite can be used in a wide range of applications like personal care products, composite integrated in polymers, UV screen textile or coatings in outdoor environments.
EXPERIMENTAL SECTION
Syntheses of preservatives. Two preservatives based on different matrix were created: one with a clay matrix (R1) and other with a glass matrix (B4). The main physical and chemical characteristics are summarized in table S1. Clay preservative (R1) was synthesized as follows: bentonite clay was modified with 33 wt.% of hexadecyltrimethylammonium bromide (C19H42BrN). The mixture was dispersed in ethanol at room temperature using 1 g of modified clay per 100 g solvent. After that, 0.05 g AgNO3 was added to the dispersion and was refluxed at 70°C for 6h. Then the dispersion was decanted, excess solvent removed and the clay was dried in a convection oven for 1 h at 70°C. Glass preservative (B4) was synthesized with the following starting materials:
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sodium hexametaphosphate, calcium oxide, boric acid, zinc oxide and silver oxide. In a typical preparation process, these materials were mixed using a ribbon blender. After that, the mixture was sieved to 200 μm to remove agglomerates and melted in a smelter at 950°C for 4h. The liquid batch was cooled and cut into small crystals (3-4 mm) using a crusher. Finally, small crystals were grinded using a hammer mill and large particles were isolated in the cyclone.
Formation process of inorganic composites. These two preservatives R1 and B4 were combined separately with and inorganic UV filter based on TiO2 (ET). The formation of the ET UV-microcomposite was also previously described by using the dry-dispersion methodology. 30 The use of dry-dispersion ensures both the stability of the glass preservative and the homogenous distribution in cosmetic preparation in spite of the low dose.
Sunscreen preparation. In a standard preparation, ingredients of the Fatty Phase, described in Table S2 , are melted and heated to 80-85°C until completely solubilized. Separately, Aqueous Phase (ingredients are mentioned in Table S2 ) is heated to 80-85°C and UV filter or composite is added under stirring. Then, Fatty Phase is added into Aqueous Phase. Subsequently, the inorganic-organic mixture is cooled to 50°C while stirring.
Reached that temperature, Benzyl Alcohol is added and cooling is completed. Ingredients and concentrations details are schematically shown in Supplementary Table 2.
Materials characterization. The Clay preservative (R1) and Glass preservative (B4) materials were fully characterized. Structural characterization was determined by X-ray Diffraction analysis (XRD), Fourier Transform Infrared Spectroscopy (FT-IR) and 31 P solid state Nuclear Magnetic Resonance ( 31 P NMR). XRD was carried out using a X'Pert PRO Theta/2theta of Panalytical, Cu Kα radiation, PANalytical, The Netherlands. The patterns were recorded over the angular range 2-70° (2θ) with a step size of 0.0334° and a time per step of 100 seconds, using Cu Kα radiation (λ = 0.154056 nm) with working voltage and current of 40 kV and 100 mA, respectively.
FT-IR spectra were measured using a Perkin Elmer Spectrum 100 with a wave number range from 400-4000 cm -1 . 31 P MAS (magic angle spinning) NMR (nuclear magnetic resonance) spectra were recorded on a Bruker AV-400-WB spectrometer operating at 161.96 MHz. The pulse length was 2 μs and 10 s delay time was used. Spinning rate of 10 kHz. Thermal characterization of glass preservative was resolved by Differential Thermal AnalysisThermogravimetric Analysis (DTA-TGA, Netzsch STA 409 C) and Heating Microscope (HMS, HR18 Hesse Instruments). DTA-TGA curves were recorded over the temperature range 25−950°C with a heating rate of 3°C min -1 and a flow rate of 0.04 L min -1 under an air atmosphere, respectively. Particle size distribution of materials was evaluated by Dynamic Light Scattering (DLS) with Mastersizer S equipment (Malvern).
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Electron Microscopy. The morphology of the powders was evaluated using primary electrons images of field emission scanning electron microscopy (FE-SEM, Hitachi S-4700). The composition of the commercial products was estimated using Energy Dispersive Spectroscopy, EDS. The average particle size was determined from FE-SEM micrographs by an image processing and analysis program (Leica Qwin, Leica Microsystems Ltd, Cambridge, England) considering more than 200 particles in each measurement.
Challenge Test. The challenge test is a conservation essay designed by standard NF EN ISO 11930 to evaluate antimicrobial protection and/or microbiological risk of the preservative system in the model products. The product was inoculated with microorganisms at a concentration 10 5 −10 6 CFU mL -1 (colony forming units per mL of product) for bacteria and 10 4 −10 5 CFU mL -1 for fungi. Five microorganisms were checked against for challenging the preservative system in a product. The test is carried out using the following microbial strains: 
RESULTS AND DISCUSSION
Who is who in the inorganic composite? The study has been realized with market available raw materials. We use two inorganics preservatives with different matrix, one based on clay and other based on glass. Both inorganic preservatives present Ag + like active principle and the second of them also has a contribution of ZnO. As inorganic UV filters, we employ a microcomposite material whose principal component is silicon coated TiO2. The compositions and physicochemical properties of these commercial materials are shown in Supplementary Table 1.
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For a better understanding about preservatives structure, X-Ray diffraction (XRD) is realized. Supplementary Fig. 1 shows the diffraction pattern of clay preservative (hereafter named as R1). It can be seen that all peaks correspond to a single phase, bentonite. Therefore, we can define that the main composition of the R1 matrix is bentonite clay. XRD diffractogram of glass preservative (henceforth referred to as B4) is plotted in Fig. 1a . This pattern displays the characteristic broad band of amorphous materials. However, the deconvolution shows two Gaussians under the curve (Fig. 1b) .
This can be associated to the existence of two glass-networks. In this regard the structural characterization of B4 preservative needs complementary analysis. Fourier Transform Infrared Spectroscopy (FT-IR), Fig. 1c , shows only important bands between 1400 cm -1 and 400 cm -1 wavenumber, typical of phosphate groups 31 . The strong band at ~552 cm -1 is attributed to bending vibrations of bridging phosphorus, δ(O-P-O). The absorption band ~738 cm -1 is assigned to symmetric stretch of phosphorus, νs(P-O-P). As can be seen in the inset of Fig. 1c , the broad band at 1400-800 cm -1 is fitted to the sum of 6 Gaussians peaks. The band at 905 cm -1 may be attributed to asymmetric stretching vibration of metaphosphate chain, νas(PO2 − )chain. 32 Meanwhile, at 985 cm -1 and 1033 cm -1 we can see bands corresponding to asymmetric stretching vibration of metaphosphate rings, νas(PO2 − )ring, large and small rings respectively. 32 The presence of a band at 1117 cm -1 indicates the formation of terminal phosphate groups (PO3 2− ). Thus, these band is assigned to asymmetric stretching vibration of pyrophosphates groups, νas(PO3 2− ). 32 The absorption bands at 1172 cm -1 and 1248 cm -1 are assigned to symmetric (νs(P=O)) and asymmetric (νas(P=O)) stretching of doubly bonded oxygen vibration respectively. The range between 900 to 1050 cm -1 that belongs to metaphosphate groups, it is associated to Q 2 phosphorus environment, while range about 1100 cm -1 of pyrophosphates groups is related to Q 1 environment. Therefore, the analysis of IR spectra reveals the breakdown of the ring type structures (Q 2 ) to into small chains and terminal phosphate groups (Q 1 ).
Once it is known the presence of phosphates, the 31 P MAS NMR studies reveals which species dominate the structure of the glasses preservative. As can be seen in Fig 1d, a main signal is revealed at -10 ppm. This band is formed from three Gaussian peaks. Each peak can be assigned to phosphorus atoms sites: Q 0 (-2.2 ppm; 26%), Q 1 (-10.1 ppm; 69%) and Q 2 (-18.5 ppm; 5%) of electronic phosphorus environments. As we have seen in FTIR, the increased presence of Q 1 indicates the breaking of the 33 Nevertheless, the signal position is not only dependent on the type of Q n group; it also depends on the neighbouring atoms. As we mentioned, ZnO and Ag are introduced in glass matrix of B4 preservative to confer it antimicrobial properties.
The introduction of these cations, which can exchange with Na and Ca cations of the matrix, can influence on its chemical shifts. About Ag, a NMR study reveals that the phosphate network was unaltered by exchanging sodium with silver for up to one quarter of the initial sodium content. 34 Likewise, zinc can replace sodium or calcium cation causes changes in phosphate networks. 35 These changes can be observed in 31 P MAS NMR, moving peaks to a more negative chemical shift as the phosphate counter-ion was replaced by the zinc. This is caused by difference between the cation potential (charge to radius ratio) of Zn and Na or Ca; as the cation potential of the modifying cation increases, the phosphorus chemical shift becomes more negative. 36 The observation of zinc in the network by displacement of 31 P NMR chemical shift is in good agreement with the XRD study in which two glass-networks are observed. These two networks are one Na-rich and other Zn-rich. To complete B4 preservative study, a thermal characterization is realized. TGA (Fig. 1e , red curve), shows a 0.5% total weight loss, where are emphasized two important ranges, from 50 to 205°C and from 205 to 410°C, which are marked as I and II. Both of them are ascribed as dehydration processes, the range I corresponds to the loss of adsorbed water while, range II is associated with the loss of lattice water.
This small weight loss indicates that water presents in B4 preservative is practically non-existent, which is in conjunction with the non-presence of O-H bands in FTIR. The DTA curve (Fig. 1e, blue curve) is characterized by two exothermic peaks, the first from 400 to 560°C and the second one around 625°C. Heating Microscope (HMS) analysis (Fig. 1f) is utilized to assist in the DTA bands identification. At RT (Fig. 1f-1) , the shape and area of B4 observed in picture 1 is set as reference. From 350°C, we can see a decrease of the area being created a deformation point at 394°C (Fig. 1f-2 ). After that, area continues to decline and at 460°C (Fig. 1f-3 ) an important change in shape happens, being a sphere. This sphere shape indicates the glass transition temperature (Tg) of B4 preservative that closely relates with DTA broad band at 460°C. The fact that this band has a broad range of temperature, from 400 to 560°C, agrees with a multiphase phosphate glass with different Tg. Then, at 612°C (Fig. 1f-4) E. de Lucas-Gil, F. Rubio-Marcos, P. Leret, B. Motos-Pérez, M. Monte-Serrano, J. Menéndez, J.F. Fernández, Opening a New Gate to Glass Preservative with Long-Lasting Antimicrobial Activity as Replacement of Parabens, ACS Sustain. Chem. Eng. 5 (2017) 294-302. doi:10.1021/acssuschemeng.6b01609.
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hemisphere point is located without area change. Finally, the flow point is observed at 632°C (Fig. 1f-5 ) which leads to the total area decrease. This point is clearly related to melting point so that DTA peak around 625°C is the melting point temperature (Tm) of B4 preservative. The morphology of the materials is shown in field emission scanning electron microscopy (FE-SEM) micrographs, Fig. 2 . Preservative based on bentonite clay (R1), represented in Fig. 2a-b , presents agglomerates with predominantly spherical shapes and sizes below 10 μm. At higher magnifications (Fig. 2b) , it is observed that these agglomerates are made of layered shaped primary particles having 500 nm in diameter. The second preservative under study is a powdered glass shown in Fig 2c- A single dispersion process: two scenarios. For a better integration of these inorganic compounds, we propose a dry mixture of them, which allows providing ET UV filter as the major component and just 0.1wt% of preservative. The expected behaviour of dispersion is that ET UV filter partially coats the preservatives, R1 or B4, following the dry dispersed procedure [37] [38] [39] at room temperature (RT). The dry process consisted on shaking R1 or B4 preservative/ET UV filter mixtures and 1 mm ZrO2 balls in a 60 cm 3 nylon container for 5 min at 50 rpm using a tubular-type mixer. Pure preservatives and ET UV filter powders were also subject to the same mixing process to ensure that no structural disorder contributions were produced by the mixing process. Two new composites are obtained, one composed by ET UV filter and R1 preservative (sample hereafter named as R1/ET) and the other one integrated by ET UV filter and B4 preservative (sample henceforth referred to as B4/ET).
In order to clarify the dispersion state of the ET UV filter and preservatives, FE-SEM characterization has been carried out on the R1/ET and B4/ET products. The micrographs presented in Fig. 3a-b, illustrate the structure of the R1/ET composite. The principal morphology, that it can be observed in (Fig. 3b) allows us to discover platelets on the surface similar to those seen for R1 preservative. The nanoparticles agglomerates of ET UV filter remained anchored after the dispersing process; unlike the R1 preservative raw material dispersion. In the R1/ET composite, ET UV filter aggregates favour the deposition of clay platelets on their surface, which is completely and uniformly covered by the clay. In summary, R1/ET consists in spheres of hierarchically organized nanoparticles-microparticles coated by clay platelets, creating a core-shelltype structure.
On the other hand, the micrographs corresponding to B4/ET composite are shown in Fig. 3c-d . First, glass plate morphologies are predominant and corresponding to B4 preservative, as can be seen in Fig.   3c . If we observe in detail (Fig. 3d) ET nano-microparticles are anchored on plate surface. In this particular case, nanoparticles aggregates of UV filter are separated. B4/ET composite consists in ET UV filter small aggregates supported on glass plates. Under micrographs, EDS mapping of two dispersion products are represented (Fig. 3e-f ). Fig. 3e shows the main elements of R1/ET composite:
Si, as major component of silicates typical of clay and as coating of ET UV filter, plus Mg like a cation.
In addition, Ag, active principle of R1 preservative, is distributed throughout the agglomerate.
Respect to the Ti element, present in ET UV filter, is uniformly dispersed on the mixture. Main elements of B4/ET composite (Fig. 3f) are: P that composes phosphates representative of glass and Na like counter-ion. Their active ingredients, Ag and Zn, are found throughout the sample. As in the previous case, Ti from the ET UV filter is disseminated on the glass plates.
To sum up, in R1/ET complex the hierarchically organized nanoparticles of the ET UV filter are surrounded by platelets of clay; meanwhile the main feature of the B4/ET composite is the high dispersion of ET UV filter small aggregates on the B4-glass plates surface. These two composites deliver different scenarios for antimicrobial activity studies on a sunscreen. Two are better than one: Finding a potential technological application of the inorganic composites.
One of the most important preservative functions is to kill or to prevent the growth of microorganisms over a relatively long period. The antimicrobial activity of samples is evaluated by the Challenge Test (NF EN ISO 11930). This assay consists of a conservation test designed to assess the antimicrobial protection of the preservative system in the model products. 40 The microorganisms used in this study ( Fig. 4a-b) show an effectiveness of the preservative system satisfactory for all types of compositions.
The effectiveness of the ET UV filter is surprisingly because for these bacteria the Challenge Test shown a good inhibition in spite to the absence of paraben additions. The behaviour against the other bacterium P. aeruginosa varies for each product, see Fig. 4c . Sunscreen with ET UV filter does not inhibit growth of it, thus the bacterial population finally exceeded the control. Product with R1/ET composite undergoes regrowth at 28 days, so that preservative is not effective enough. However, the B4/ET composition decreases bacterial growth even below detection limit after 7 days and keep it over time. Concerning C. albicans (Fig. 4d) , an increase of population respect to the control is observed for ET and R1/ET based sunscreens. Conversely, B4/ET formulation reduces the fungus growth so it is effective over the time studied. For A. brasiliensis (Fig. 4e) , ET UV filter and R1/ET compositions present similar behaviour. In ET UV filter sunscreen, population increases after 7 days, then a decrease of it is observed and finally proliferates at 28 days. Regarding R1/ET sunscreen, the composite reduces the fungus growth until 14 days to regrow after. The fungus growth variation suggests that two products are unstable preservatives. B4/ET based sunscreen reduces gradually population and remains active over time. This excellent antimicrobial behaviour of B4/ET based sunscreen can be seen in a visual comparison of Petri dish between microorganism populations at T0 and T28
( Supplementary Fig. 2) . The products evaluation, according to the criteria A and B of the NF EN ISO 11930 standard (see Supplementary Table 3) , is shown in Fig 4f-j . These criteria require a minimum logarithmic reduction of microorganism population over time. Respect to ET and R1/ET compositions only meet criteria for E. coli and S. aureus at 28 days (Fig 4f-g ). On the contrary, B4/ET based sunscreen meets the requirement of criteria after 28 days allowing it to be a promising preservative candidate. In order to understand the influence of active ingredients in antimicrobial activity, an assay of release in water is studied by ICP-AES, see Fig. 5 . The R1 preservative contains only Ag + like principal antimicrobial agent. Fig. 5a shows that the tendency of this element is release completely in short times of 7 days. However, the behaviour of B4 preservative leaching is completely different, as can be seen in Fig. 5b . The principal antimicrobial agents of B4 preservative are Ag + and Zn 2+ , which concentrations available are higher than in R1 preservative. The Ag + releases more slowly from B4
than Ag cation of R1 preservative, reaching up to 14 days, possibly due to ET UV filter coating over B4
preservative. In addition, the presence of Zn 2+ in water starts to increase after 14 days and continues over time. To check if the R1/ET and B4/ET composites maintain the UV filter behaviour of the ET filter raw material, the SPF (Sun Protection Factor) study of both products was performed and detailed in Supplementary Fig. 3 . The results of the study reveal that in both products, the UV filter behaviour is retained without interfering in the preservative functionality.
To propose an exceptional candidate as a parabens substitute, is necessary a strong and long-lasting preservative properties. Mainly, the occurrence of antimicrobial activity is associated to cation release effects for inorganic compounds. In the R1/ET composite case, Fig. 5a shows a quick release of Ag + .
This short Ag + leaching affects to common bacteria such as E. coli and S. aureus (grey line of Fig. 4a-b) .
However, a very resistant bacterium like P. aeruginosa increases the colony after 14 days (grey line of Therefore, B4/ET complies with the strong preservative property against common types of microorganisms. Additionally, the new interaction with glass network allows a controlled release of Ag + and Zn 2+ , see Fig. 5b . This progressive leaching gives to B4/ET composite an extending activity in time, that is to say, the long-lasting antimicrobial property, as we have shown in Fig. 4 .
CONCLUSIONS
To conclude, we have investigated a new inorganic UV filter and preservative composite based on TiO2, Ag and ZnO. We propose that B4 inorganic preservative could replace cosmetic organic preservatives, such as parabens due to its less potential toxicity than organic ones. Besides, the ET filter composed by TiO2 is known by its excellent sunlight UV radiation absorbing properties. which indicate a slow release of these cations over time thanks to the incorporation of Zn and Ag in phosphate network. For these two facts, we dare to propose that synergistic action between Ag-Zn cations is the key element for the long-lasting preservative properties of B4/ET composite.
Furthermore, the new addition of B4 preservative on ET filter maintains the UV filter behaviour.
Finally, it is worth noticing that the combination of ET filter and B4 preservative in one product allows reducing costs and required amount of material, improves the incorporation in different matrices and facilitates manufacturing. This enables a huge range of applications for this composite such as personal care products, composite integrated in polymers, UV screen textile or coatings in outdoor environments among others.
